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1. Introduction 
The naturally occurring polyamlnes putrescine, 
spermidine and spermine are organic cations widely 
distributed in both procaryotic and eucaryotic organ- 
isms, including parasitic species, e.g., trypanosomes 
[ 1,2] and leishmanias [3,4]. In eucaryotic organisms, 
ornithine decarboxylase catalyses the conversion of 
ornithine into putrescine, while the synthesis of 
spermidine and spermine involves S-adenosylmethio- 
nine decarboxylase (fig.1). 
In Leishmunia, as in other organisms, polyamine 
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Fig.1. The biosynthesis of naturally occurring polyamines. 
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synthesis increases and polyamine levels rise when 
the growth rate is maximal [3,4]. Growth appears to 
be related to and dependant upon polyamine biosyn- 
thesis [4]. This being the case, we suggested that some 
antileishmanial agents exert their inhibitory effect by 
blocking polyamine biosynthesis [5]. In fact, the poly- 
amine analogues pentamidine isoethionate and ethidi- 
urn bromide did arrest polyamine synthesis, while the 
inhibition of DNA and protein synthesis was a sub- 
sequent event [S]. MGBG (methylglyoxal-bis (guanyl- 
hydrazone)), a drug known to interfere with spermi- 
dine synthesis [6,7] was also shown to inhibit the 
proliferation of leishmanial promastigotes [5]. The 
occurrence of polyamines in trypanosomes has been 
described [ 1,2], and a similar inhibitory effect by 
MGBG on polyamine biosynthesis reported [8]. 
The ability of the above compounds to exert an 
inhibitory effect on polyamine biosynthesis, probably, 
resides in their structural similarity to the natural 
polyamines, whose synthesis they inhibit. These 
results prompted us to investigate the anti-leishmanial 
activity of other compounds having structural resem- 
blance to precursors of polyamine biosynthesis. 
Here, we describe the inhibitory effect of sinefungin 
(fig.2), a naturally occurring antifungal antibiotic 
nucleoside, containing an ornithlne residue [9]. This 
compound displays antiparasitic activity against malar- 
ial parasites [lo] and against ITZypanosoma cruzi 
[ 1 I]. Sinefungin is active also against various types 
of viruses [12,13]. SIBA (S’-deoxyd’S-isobutylthio- 
adenosine) (fig.2), a synthetic nucleoside that also 
displays anti-malarial activity [ 141 and inhibits the 
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Fig.2. The structure of the nucleosides inefungin and SIBA 
(5’~eoxy-5’-~-isobutylthioadenosine). 
tr~sformation of chick embryo fibroblasts by RNA 
and DNA tumour viruses [15-171 was less effective 
against leishmanial parasites. 
2. Materials and methods 
SIBA was prepared at the Institut de Chimie des 
Substances Naturelles, CNRS Gif-sur-Yvette by Dr 
P. Blanchard. Sinefungin was a gift from Dr R. S. 
Gordee (Lilly Res. Lab., Indianapolis, IN). 
The four leishmanial strains L. tropica major, 
L. tropica minor, L. aet~jopica and L. ~o~o~~i were 
obtained from the culture collection of the World 
Health Organisation’s International Reference Centre 
for Leishmaniasis (WHO-LRC), the Department of 
~otozoolo~, the Hebrew University-I~adass~ Medi- 
cal School, Jerusalem. Their origins and some of their 
intrinsic taxonomic haracters as well as growth con- 
ditions have been described [3,4,1 S] , Sinefungin and 
SIBA were dissolved in saline, sterilized using ~~ipore 
filters and added to cultures of promastigotes grown 
in a fully-liquid, Panmede (Paines and Byrne Ltd., 
Greenford, Middlesex) based medium containing 5% 
normal rabbit serum 1181. They were also added to 
amastigotes grown in CsH mouse macrophage cul- 
tures maintained in McCoy’s medium supplemented 
with 10% foetal bovine serum, a modification of the 
procedure [19]. For the effect of the drugs on cul- 
tured amastigotes, promastigotes grown from a recent 
isolate of L. t. major LRC-LI 37 from Syrian hamsters 
were used to ensure infectivity. The amastigotes were 
put into cultures of the C&H mouse macrophages that 
had been removed from mice 5 days after their stimu- 
lation with thioglycollate at a ratio of 2 promastigotes 
to each macrophage. 20 h after infection and conver- 
sion of the promastigotes to amastigotes, the culture 
medium was replaced by fresh McCoy’s medium con- 
taining the drugs to give final cont. 100,25, 10 and 
5 gggfml. The culture medium was changed when 
necessary, being replaced by fresh medium containing 
the drugs. Macrophage cultures were checked aily 
for 4 days, the coverslips with macrophages being 
washed with phosphate-buffered saline (pH 7.2), fixed 
with methanol, stained with Giemsa’s tain and 
mounted on glass lides. The effect of the drugs was 
measured by estimating the parasite survival index, 
which is based upon the percentage infection and the 
number of amastigotes within the infected macro- 
phages, compared with an untreated control. 
3. Results 
Fig.3 shows that Sinefungin exhibits anti-leishma- 
nial activity against the promastigotes of ail 4 strains. 
Itseffect was greatest again&L. aethiopica LRCL147, 
where 1 p&/ml caused complete inhibition of growth 
(fig.3). In the case of L. donovani LRCL133, a slight 
increase in promastigote numbers was seen for 24 h 
after adding the drug. Growth was inhibited there- 
after by all concentrations of the drug (fig.3). Promas- 
tigotes of L. t. rn~~r LRC-I.32 were not completely 
inhibited by 1 @g/ml but 10 pg/ml did arrest growth 
24 h after adding the drug to the culture (fig.3). The 
least effect was seen with L. t. major LRCL137 prom- 
astigotes, where 100 agog only reduced the growth 
rate, but did not stop growth (fig.3). In contrast, 
fig.4 demonstrates that Sinefungin is quite active 
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Fig.3. The effect of vaxious concentrations of sinefungin on the growth of the cultured promastigotes of: L. aeothiopica LRC-J_147; 
L. donovani LRC-L133; L. t. minor LRC-L32; and L. t major LRC-LI 37 (NC = normal control). 
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against the amastigotes of L. t. major LRCL137 at 
5 Mg/ml, the parasites showing only 40% survival, 
2-4 days after adding the drug. At 100 E.cg/ml, the 
effect was much more pronounced. 
SIBA, a transmethylase inhibitor [20] resembling 
sinefungin, S-adenosylmethionine and 5methylthlo- 
adenosine [21] (fig.2), was much less active against 
leishrnanial promastigotes (IipS), with 100 pg/ml 
having no effect on L. t. major LRC-Ll37, L. donovani 
LRC-L133 and L. t. minor LRC-L32. However, an 
inhibitory effect was seen in L. aethiopia LRC-L147 
(fig.5) where even 1 pgg/ml depressed growth after 
24 h. The amastigotes of L. t. major LRC-L137 were 
only slightly affected by the drug even at 100 pg/ml 
(iig.6). 
I I I I I 
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Fig.4. The effect of various concentrations of sinefungm on 
Days after drug administration 
the growth of the cultured amastigotes of L. t. major LRC- 
L137. 
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Fig.5. The effect of various concentrations of SIBA on the growth of the cultured promastigotes of: L. f. major LRC-L137; 
L. donovani LRC-Ll33; L. aethiopica LRGLl47; and L. t. minor L. t. LRC-L32. 
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4. Discussion 
These data indicate that sinefungin exhibits anti- 
leishmanial ctivity against all the strains, although the 
different types of promastigotes display varying sen- 
sitivity. It is of special interest hat the ~~t~gotes of 
L. t. mgior L&C-L137 are also affected by this drug, 
and, apparently, more so than its promastigotes. This 
finding not only demonstrates that the drug is able to 
penetrate infected macrophages, but also has a poten- 
tial as a therapeutic agent. 
It is not known whether the anti-leishmanial activ- 
ity of sinefungin is the result of the inhibition of trans- 
methylation or of polyamine biosynthesis, or both. 
SIBA, which resembles sinefungin (fig.2) is certain- 
ly less active. This might be due to its degradation by 
phospho~lytic leavage by me~ylthioadenos~e phos- 
phorylase [21] and/or by AMP deaminase [221. 
Fig.6. The effect of two concentrations of SIBA on the growth 
of the cultured amastigotes of L. 1. major LRC-L137. Days after drug administration 
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As in this report, s~efun~n has been shown to be 
much more active than SIBA in preventing multipli- 
cation of other protozoal parasites, e.g., P. f~lc~~~ 
in human erythrocytes [lo] and T. cnrzi in vitro 111~;. 
it will be interesting to define the metabolic step in 
these parasites which is especially sensitive to sine- 
fungin. 
These results with sinefungin cleariy warrant its 
further study and indicate that the synthesis of more 
active and less toxic compounds i  desirable. 
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